All ' hte resewed. No art of thb publication may be Y repro uced or transrnitte ! in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage or retrieval system, without permiesion in writing from the publisher.
P r e f a c e T h i s c a s e s t u d y i s p a r t of a l a r g e r e f f o r t d e v o t e d t o t h e s t u d y o f c e r t a i n e n v i r o n m e n t a l measures c o n n e c t e d w i t h o i l development i n t h e North Sea. I n t u r n t h i s r e s e a r c h s u b j e c t h a s been p a r t of t h e programme management t a s k i n t h e Management and Technology Area a t IIASA.
The r e s u l t s of t h i s c a s e s t u d y s i g n a l l e d t h e b e g i n n i n g o f a new r e s e a r c h t a s k , t h a t o f d i s a s t e r management once a major t e c h n o l o g i c a l system g o e s o u t of c o n t r o l .
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Summarv
The o i l blowout problem h a s r e c e i v e d i n c r e a s i n g a t t e n t i o n a s t h e s e a r c h f o r o i l h a s been c a r r i e d f u r t h e r o f f s h o r e . Most s c i e n t i f i c e f f o r t h a s been on t h e p r e v e n t i o n s i d e v i a p r e d i c t i o n s o f b l o w o u t s and c h a n g e s i n d e s i g n o f t h e p l a t f o r m s .
Few s t u d i e s h a s f o c u s s e d on o i l b l o w o u t s o n c e t h e y have o c c u r r e d . T h i s p a p e r i s a c a s e s t u d y o f t h e o i l b l o w o u t t h a t o c c u r r e d on t h e Bravo p l a t f o r m i n t h e E k o f i s k f i e l d i n t h e Norwegian s e c t o r o f t h e N o r t h S e a . The p r i m a r y d a t a i n c l u d e d i n t e r v i e w s w i t h t h e g r o u p who d i r e c t e d t h e Norwegian government r e s p o n s e t o t h i s blowout.
O t h e r d a t a came from p r e l i m i n a r y r e p o r t s made a v a i l a b l e soon a f t e r t h e i n c i d e n t .
The p a p e r d e s c r i b e s t h e p h y s i c a l a s p e c t s o f t h e blowout a n d t h e e x i s t i n g p r i n c i p l e s t h a t g u i d e d t h e i n i t i a l r e s p o n s e s from P h i l l i p s P e t r o l e u m and Norway. T h e s e p r i n c i p l e s a r e s u b j e c t e d t o a c r i t i q u e p r i o r t o t h e d e s c r i p t i o n and s t r u c t u r i n g o f t h e a l t e r n a t i v e s f a c i n g P h i l l i p s a n d Norway a s t h e y r e s p o n d e d t o t h i s c r i s i s .

The government a c t o r s i n v o l v e d i n t h e blowout r e s p o n s e and t h e i r r o l e s a r e a l s o b r i e f l y d e s c r i b e d . F i n a l l y , t h e d e c i s i o n s made by t h e Norwegian A c t i o n Group a r e c l a s s i f i e d and d e s c r i b e d . F o l l o w i n g t h i s e f f o r t a q u a l i t a t i v e e v a l u a t i o n i s o f f e r e d o f t h e s e d e c i s i o n s .
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t o f c o n t r o l t h a t s i g n a l l e d to t h e N o r t h Sea o i l i n d u s t r y and governments and, i n d e e d , t o t h e r e s t o f t h e w o r l d t h a t t h e N o r t h Sea h a d now come
o f a g e i n j o i n i n g o t h e r o i l p r o d u c i n g a r e a s i n e x p e r i e n c i n g a major blowout.
From t h i s t i m e t o t h e r e g a i n i n g o f c o n t r o l o f t h e Bra'vo w e l l o f t h e E k o f i s k f i e l d o n A p r i l 30 a maximum o f 21,300 t o n s o f o i l e s c a p e d from t h e w e l l . [ l l T h i s e s c a p e d o i l r e p r e s e n t s r e v e n u e l o s s t o b o t h t h e o i l company owning t h e w e l l a n d t o t h e Norwegian government owning t h e subsea. c h e l f , u t i l i t y l o s s i n t h e p r o d u c t s and s e r v i c e s f o r e g o n e , p o t e n t i n l and a c t u a l damage t o t h e m a r i n e e n v i r o n m e n t , f i n a n c i a l l o s s i n m e e t i n g t h e emergency i t s e l f , and p o s s i b l e compensation t o any i n j u r e d p a r t i e s .
THE ACCIDENT AT THE BRAVO PLATFORM The blowout a t t h e Bravo o f f s h o r e w e l l o c c u r r e d w h i l e maint e n a n c e work was b e i n g u n d e r t a k e n on a p r o d u c t i o n w e l l o n a p l a tform h o u s i n g f o u r t e e n o t h e r w e l l s .
While t h e a u t o m a t i c blowout p r e v e n t e r v a l v e s worked o n t h e s e o t h e r w e l l s t h e w e l l u n d e r maint e n a n c e went o u t o f c o n t r o l . The s p e c i f i c c a u s e s o f t h i s blowout w e r e i n v e s t i g a t e d by a n i n d e p e n d e n t commission s e t up by t h e Norwegian government. i n e f f e c t i v e s u p e r v i s i o n by company and government p e r s o n n e l c a n be i n v o l v e d . [ 3 ] However, a t Bravo p l a t f o r m t h e u n d e r l y i n g c a u s e of t h e blowout was found t o b e t h e o r g a n i z a t i o n a l and a d i n i n i s t r at i v e s y s t e m s b e i n g i n a d e q u a t e t o a s s u r e a s a f e w e l l workover o p e r a t i o n . [4] A comment a t t r i b u t e d t o Red A d a i r , t h e famed tamer o f o i l w e l l s w h i l e h e was i n Norway a f t e r t e n d i n g t o t h e w e l l a t Bravo, n o t e s t h a t h e h a s t e n d e d t o more b l o w o u t s c a u s e d d u r i n g t h e r e p a i r o r m a i n t e n a n c e o f p r o d u c t i o n w e l l s t h a n from t h e d r i l l i n g o f e x p l o r a t i o n w e l l s . H i s s t a t e m e n t w a s c o r r o b o r a t e d by t h e Bravo Commission R e p o r t : "A w e l l workover i s a m a j o r t a s k t h a t i s performed c o m p a r a t i v e l y r a r e l y . E x p e r i e n c e shows t h a t t h e blowout h a z a r d i s g r e a t e r f o r s u c h work t h a n f o r a n y o t h e r work p e r f o r m e d on t h e f i e l d i n t h e p r o d u c t i o n p h a s e . " [5] Such s t a t e m e n t s c o n f l i c t w i t h t h e g e n e r a l l y h e l d Norwegian v i e w t h a t e x p l o r a t i o n w e l l s have t h e h i g h e s t blowout p o t e n t i a l .
[ 6 ] C e r t a i n l y , t h e r e i s a need f o r b e t t e r a c c e s s i b l e r e c o r d s on t h e o c c u r r e n c e and c a u s e s o f b l o w o u t s . T h i s s t u d y , however, d o e s n o t f o c u s on t h e c a u s e o f t h e blowout o r on i t s p r e v e n t i o n .
R a t h e r t h e emphasis i s on t h e management of t h e c r i s i s i t s e l f a f t e r t h e blowout o c c u r r e d . While a t t e n t i o n o f a n a l y s t s h a s been d i r e c t e d t o r i s k a s s e s s m e n t o f p o s s i b l e blowouts [ 7 1 l e s s e f f o r t h a s been s p e n t on t h e management o f s u c h blowouts once t h e y o c c u r . The c o p i n g s t r a te g i e s employed i n an emergency s i t u a t i o n c a n o f t e n r e v e a l t h e p r i o r i t i e s o f t h e c o r e a c t o r s i n t h e i r s p e c i f i c r e s p o n s e s t o a s p e c i f i c s i t u a t i o n . I n d e e d , n o t o n l y a r e t h e p r i o r i t i e s rev e a l e d b u t t h e a l t e r n a t i v e s t a k e n a s w e l l a s t h o s e r e j e c t e d can r e v e a l t h e way i n which t h e d e c i s i o n p r o c e s s o p e r a t e s . Thus, t h i s s e c t i o n d o e s n o t a t t e m p t t o d e t a i l t h e a c t u a l and pending i m p a c t s from t h e Bravo blowout b u t i n s t e a d s e e k s t o o u t l i n e t h e r o l e s o f t h e a c t o r s i n v o l v e d , t h e a l t e r n a t i v e s s e e n a s f e a s i b l e and t h e d e c i s i o n s a c t u a l l y t a k e n . Where p o s s i b l e some e v a l u at i o n i s made of t h e s e d e c i s i o n s .
The blowout a t Bravo c o n s i s t e d of a maximum o f 2,830 t o n s o f o i l and 1 , 4 1 0 t o n s o f g a s p e r e v e r y 24 h o u r s f o r a l m o s t e i g h t d a y s . [ 8 ] No c o m p l e t e l y a c c u r a t e measure o f t h e s e o i l and g a s l o s s e s i s a v a i l a b l e . F o r e i g n m a t t e r i n t h e f o r m a t i o n i t s e l f o r i n t h e p r o d u c t i o n p i p e c o u l d have r e d u c e d t h e f l o w o f o i l and g a s . F r e s s r e p o r t s a t t h e t i m e o f t h e i n c i d e n t n o t e d f i g u r e s v a r y i n g from 4,000 t o 7,000 t o n s o f o i l p e r day which exceeded t h e company s t a t e d t h e o r e t i c a l maximum; however, no b a s e s w e r e g i v e n f o r s u c h f i g u r e s .
The e s c a p i n g m i x t u r e i s o f a l i g h t c o n s i s t e n c y f o r c e d t h r o u g h t h e w e l l head a t a n e a r b o i l i n g t e m p e r a t u r e and u n d e r e x t r a o r d i n a r i l y h i g h p r e s s u r e . The m i x t u r e s h o o t s above t h e p l a t f o r m i n t h e form o f a s p r a y where a p o r t i o n o f t h e o i l i_s e v a p o r a t e d b e f o r e i t c o n t a c t s t h e w a t e r s u r f a c e . The g a s , o f c o u r s e , i s n e a r l y e n t i r e l y e v a p o r a t e d . A s t h e o i l i s s p r a y i n g o u t o f t h e w e l l head it is b e i n g mixed w i t h w a t e r from t h e s p r s y o f a f i r e b o a t t o p r e v e n t t h e h o t o i l from s t a r t i n g a f i r e o r t h e g a s i g n i t i n g a n explosi.on which c o u l d d e s t r o y t h e p l a t f o r m .
The r e s u l t i n g o i l s l i c k formed on t h e w a t e r s s u r r o u n d i n g t h e Bravo p l a t f o r m was brown i n c o l o u r and 1-2mm t h i c k . The mixing a c t i o n o f t h e winds and waves a s w e l l a s t h e w a t e r s p r a y from t h e f i r e v e s s e l c a u s e d e m u l s i f y i n g c o n d i t i o n s t o o c c u r c h a n g i n g t h e c o l o u r and c o m p o s i t i o n o f t h e s l i c k . The assumption o f t h e A c t i o n Group i s t h a t 50% of t h e blown-out o i l e v a p o r a t e d i n t o t h e atmosphere w h i l e n a t u r a l d e g r a d a t i o n o f t h e remaining o i l e m u l s i o n s c a u s e d t h e s l i c k t o d i s i n t e g r a t e . The s i z e o f t h i s i n t e r m i t t e n t s l i c k c o v e r e d a n a r e a o f a p p r o x i m a t e l y 4000 Krn i n v a r y i n g d e g r e e s o f t h i c k n e s s and c o n t a m i n a t i o n i n Norwegian waters w i t h o n l y a s m a l l p o r t i o n r e a c h i n g i n t o t h e Danish s e c t o r . The s l i c k d i d n o t move toward t h e c o a s t a s i n i t i a l l y f e a r e d b u t remained i n t h e g e n e r a l v i c i n i t y downwind from t h e blowout s o u r c e t h r o u g h t h e combined e f f e c t o f t h e winds and c u r r e n t s . The movement of i n v i s i b l e d i s s o l v e d o i l beyond t h i s a r e a i s unknown. The r a t e of s p r e a d o f t h e main s l i c k was l e s s t h a n one Km p e r h o u r . O b s e r v a t i o n s from d a i l y a i r f l i g h t s showed t h a t t h e s l i c k was r e l a t i v e l y s t a t i o n a r y and would e v e n t u a l l y become c o m p l e t e l y d i s i n t e g r a t e d under n a t u r a l weather c o n d i t i o n s .
Few lumps were e x p e c t e d t o r e a c h t h e Norwegian c o a s t , t h e a r e a o f g r e a t e s t p o t e n t i a l damage.
Not o n l y was t h e Bravo i n c i d e n t t h e f i r s t major blowout i n t h e North Sea b u t it was a l s o t h e f i r s t major o i l l o s s i n t h e Norwegian s e c t o r . P r e v i o u s i n c i d e n t s had o n l y o c c u r r e d i n t h e UK s e c t o r from t a n k e r s a s w e l l a s minor i n c i d e n t s from p l a t f o r m s . T h e r e f o r e , no e x p e r i e n c e had y e t evolved i n Norway f o r r e s p o n d i n g t o emergencies connected w i t h l a r g e o f f s h o r e o i l s p i l l s . T h i s l a c k of e x p e r i e n c e ' i s n o t t o s a y , however, t h a t Norway was n o t p r e p a r e d o r e x p e c t i n g such emergencies.
I t simply had n o t d e a l t w i t h t h e a c t u a l problems s u r r o u n d i n g t h e s e o f f s h o r e i n c i d e n t s .
THE PRINCIPLES ESTABLISHED BEFORE BRAVO
The government of Norway had a s t z L l i s h e d c e r t a i n p r i n c i p l e s f o r d e a l i n g w i t h emergencies connecteL d i t h o f f s h o r e o i l development i n t h e North Sea b e f o r e t h e Bravo i n c i d e n t .
[9] These p r i n c i p l e s can be summarized under f o u r headings:-1. p r i n c i p l e s f o r o p e r a t o r : a s s i g n m e n t of r e s p o n s i b i l i t y t o t h e o p e r a t o r where t h e o p e r a t o r . m u s t be a b l e t o meet e v e r y s i t u a t i o n which might o c c u r , r e q u i r e m e n t t o keep a v a i l a b l e t h e most advanced t e c h n o l o g y a t any t i m e f o r meeting t h e s e s i t u a t i o n s , a s s i g n m e n t of u n l i m i t e d l i a b i l i t y t o t h e o p e r a t o r f o r a l l damages and c o s t s r e s u l t i n g from t h e s i t u a t i o n , e r e q u i r e m e n t f o r an o p e r a t o r ' s p l a n f o r m e e t i n g p o s s i b l e s i t u a t i o n s a s t h e y may a r i s e .
2 . p r i n c i p l e s f o r r e g u l a t o r :
e a p p r o v a l o f o p e r a t o r p l a n s and o p e r a t i o n s t h r o u g h t h e r e s p e c t i v e e x p e r t a g e n c i e s c o o r d i n a t e d by t h e O i l D i r e c t o r a t e of t h e M i n i s t r y o f I n d u s t r y and C r a f t s , government s u p e r c e d i n g o p e r a t o r when o p e r a t o r deemed u n a b l e t o h a n d l e t h e s i t u a t i o n o r t h e r i s k of g r e a t damage i s p r e s e n t , a o p e r a t o r c o n t a i n i n g and c a p t u r i n g t h e o i l s l i c k a s n e a r a s p o s s i b l e t o t h e s o u r c e of f l o w , e . g . , c l e a r i n g t h e o i l i n t h e open s e a , a emphasis on m e c h a n i c a l means f o r s t o p p i n g o i l p o l l u t i o n r a t h e r t h a n u s i n g c h e m i c a l d i s p e r s a n t s , a government p a r t i c i p a t i o n i n r e s e a r c h and development on such m e c h a n i c a l means, a n a t i o n a l government r e s p o n s i b i l i t y f o r p r o t e c t i o n o f t h e c o a s t l i n e on a c o s t r e c o v e r y b a s i s from t h e o p e r a t o r .
The Bravo i n c i d e n t p r o v i d e d t h e f i r s t r e a l t e s t o f t h e p r a c t i c a l i t y o f t h e s e p r i n c i p l e s . While many of t h e s e p r i n c i p l e s s e e m t o be o b v i o u s some of them c a r r y i m p l i c a t i o n s t h a t a p r i o r i wculd a p p e a r t o a f f e c t t h e adequacy o f r e s p o n s e by b o t h o p e r a t o r and r e g u l a t o r . The a s s i g n m e n t o f i n i t i a l r e s p o n s i b i l i t y t o t h e o p e r a t o r t o be a b l e t o m e e t e v e r y s i t u a t i o n which m i g h t o c c u r and w i t h t h e most advanced t e c h n o l o g y i s i n r e a l i t y c o n s t r a i n e d by economics. The o p e r a t o r g e n e r a t e s i t s own r e s p o n s e s y s t e m f o r m e e t i n g t h i s p r i n c i p l e governed by i t s c a s h f l o w p o s i t i o n . O f f s h o r e o p e r a t o r s t h e r e f o r e r e l y p r i m a r i l y o n p r e v e n t i o n t e c h n o l o g y r a t h e r t h a n on o i l c l e a n -u p t e c h n o l o g y . T o a v o i d t h e f i n a n c i a l l o s s e s a s s o c i a t e d w i t h o i l l o s s e s i n t h e f i r s t p l a c e i s a n o b j e c t i v e o v e r r i d i n g i n i m p o r t a n c e t h e clean-up of such o i l once i t i s i n t h e s e a .
Given t h e s e c o n d a r y i m p o r t a n c e of c l e a n -u p i t i s n o t s u rp r i s i n g t h a t o p e r a t o r s would n o t i n v e s t h e a v i l y i n advanced clean-up t e c h n o l o g y . F i r s t , t h e o p e r a t o r s r e l y on o n e a u t o m a t i c blowout p r e v e n t e r v a l v e 50 meters below t h e seabed and a n o t h e r manually a c t i v a t e d a t t h e w e l l h e a d . These v a l v e s w e r e c o n s i d e r e d f a i l s a f e by b o t h t h e o i l i n d u s t r y and t h e government r e g u l a t o r s i n v o l v e d . [ l o ] Second, t h e o p e r a t o r s r e l y on c h e m i c a l d i s p e r s a n t s which a r e a c c e p t a b l e t o t h e UK government, b u t c u r r e n t l y n o t t o t h e Norwegian government. The o p e r a t o r s ' a s s u m p t i o n seemed t o be t h a t i n t h e f i n a l a n a l y s i s Norway would a l l o w t h e u s e o f c h e m i c a l d i s p e r s a n t s r a t h e r t h a n a c c e p t c o a s t a l damage from o i l p o l l u t i o n . C e r t a i n l y , c h e m i c a l d i s p e r s a n t s a r e e f f e c t i v e i n r e d u c i n g p o s s i b l e economic l i a b i l i t y f o r t h e o p e r a t o r s i n c e t h e y remove t h e o i l from t h e s u r f a c e . T h i r d , t h e o p e r a t o r s r e l y on i n d u s t r y e x p e r t s i n s t o p p i n g blowouts who a r e n o t r e s i d e n t t o t h e North S e a a r e a . No r e t a i n e r i s p a i d t o t h e s e e x p e r t s t o m a i n t a i n a p r e s e n c e i n t h e v i c i n i t y , t h e r e f o r e i t must b e assumed t h a t it i s c h e a p e r t o have a n a d hoc o u t s i d e w e l l c o n t r o l r e s p o n s e r a t h e r t h a n t o d e v e l o p an i n t e r n a l w e l l c o n t r o l c a p a b i l i t y o r t o m a i n t a i n a r e g u l a r l o c a l r e s p o n s e c a p a b i l i t y o f t h e o u t s i d e e x p e r t s .
F i n a l l y , t h e o p e r a t o r s assume t h a t t h e i r p r e v e n t i o n t e c h n o l o g i e s so l i m i t t h e p r o b a b i l i t y of blowouts t h a t g i v e n t h e g o v e r n m e n t ' s p o s i t i o n o f o v e r r i d i n g t h e o p e r a t o r a t any t i m e it i s c h e a p e r t o pay t h e government on a c o s t r e c o v e r y b a s i s f o r
c l e a n -u p t h a n t o i n v e s t h e a v i l y i n advanced c l e a n -u p t e c h n o l o g i e s t h e m s e l v e s which c o u l d t h e n go unused, e v e n t u a l l y become o b s o l e t e t h r o u g h advanced d e s i g n o r p r o v e unworkable. These s u g g e s t i o n s a p p e a r t o be v a l i d r e a s o n s why t h e o p e r a t o r s d o n o t i n v e s t i n advanced o i l p o l l u t i o n c l e a n -u p t e c h n o l o g i e s e v e n though t h e Norwegian government a c t s on t h e a s s u m p t i o n t h e y d o s o .
With l i t t l e economic i n c e n t i v e e x i s t i n g f o r o p e r a t o r s t o f u l l y comply w i t h t h e i m p l i c a t i o n s o f t h i s p r i n c i p l e o f i n i t i a l r e s p o n s i b i l i t y t h e government a l s o h a s problems w i t h t h i s p r i nc i p l e . Through p r i m a r y r e l i a n c e on t h e o p e r a t o r t o p r e v e n t and r e s p o n d t o blowouts t h e government would n o t a p r i o r i r a p i d l y b u i l d up a l a r g e r e s p o n s e c a p a b i l i t y i t s e l f .
O t h e r more immediate demands on t h e government b u d g e t c o u l d i n t e r v e n e t o r e d u c e t h e k i n d of s u p p l e m e n t a r y r e s p o n s e n e c e s s a r y .
Thus, t h e government c o u l d be f o r c e d t o r e l y on o u t s i d e zx!;e.t-.ts and t h e o i l i n d u s t r y i t s e l f s i n c e it would n o t have t h e o f f -" s e t t i n g c a p a b i l i t y and i n f o r m a t i o n b a s e t o form i t s own a d e q u a t e and s u s t a i n e d r e s p o n s e t o a blowout. T h i s s i t u a t i o n c a n s e t t h e s t a g e f o r a c r i s i s a p p r o a c h t o blowouts r a t h e r t h a n a r a t i o n a l r e s p o n s e .
However, o n l y e l e m e n t s of t h i s problem e x i s t e d a s t h e Norwegian government had c r e a t e d and approved a c o a s t a l r e s p o n s e programme and funded it a t a n a d e q u a t e l e v e l f o r c o m p l e t i o n i n S p r i n g 1978, a y e a r a f t e r t h e Bravo blowout o c c u r r e d .
The p r i n c i p l e o f u n l i m i t e d l i a b i l i t y a l s o c a r r i e s w i t h it a n economic c o n s t r a i n t s i n c e t h e r e i s some economic l i m i t t o
o p e r a t o r l i a b i l i t y . O p e r a t o r s i n s u r e t h e i r blowout' r i s k by s p r e a d i n g s u c h r i s k w i t h i n s u r a n c e companies which i n t u r n s p r e a d t h e i r r i s k among s t i l l o t h e r i n s u r a n c e companies.
I n s u r a n c e companies have some r i s k l i m i t of l i a b i l i t y b a s e d on t h e i r a s s e s s m e n t s o f t h e r i s k i n v o l v e d and t h e laws g o v e r n i n g s u c h r i s k .
There i s a 1974 agreement l i m i t i n g l i a b i l i t y f o r damages from each i n c i d e n t t o $25 m i l l i o n , a l t h o u g h Norway d o e s n o t r e c o g n i z e t h i s l i m i t . A t p r e s e n t o p e r a t o r s a c c e p t t h i s l i m i t , b u t n i n e European governments a r e a t t e m p t i n g t o r a t i f y a n o t h e r agreement r a i s i n g t h i s l i m i t t o $35 m i l l i o n and t h e n t o $ 4 5 m i l l i o n f i v e y e a r s l a t e r . [ l l ] Thus, t h e government c a n n o t assume t h e r e i s no c e i l i n g t o t h e l i a b i l i t y o f t h e o p e r a t o r s of i t s o i l f i e l d s . I n o t h e r s e n s e , t h e f i n a l l i a b i l i t y o f damages from a blowout r e s t s w i t h t h e owner o f t h e s e a b e d , t h e government r e p r e s e n t i n g t h e c o u n t r y of Norway. Any o t h e r c o u n t r i e s s u s t a i n i n g damages from a blowout i n t h e Norwegian s e c t o r o f t h e North Sea may have t h e r i g h t t o
s e e k compensation from Norway i t s e l f o r o n e o f i t s n a t i o n a l o r g a n i z a t i o n s , p a r t i c u l a r l y s i n c e Norway t h r o u g h S t a t o i l i s becoming a n o p e r a t o r i n i t s own r i g h t a s w e l l a s b e i n g a m a j o r i t y owner o f f i e l d s o p e r a t e d by p r i v a t e companies.
The p r i n c i p l e o f m a i n t a i n i n g t h e most advanced r e s p o n s e t e c h n o l o g y i s s u b j e c t t o economics a s w e l l . A t any p o i n t i n t i m e t h e o p e r a t o r a s t h e c h o i c e o f o p t i n g f o r s t o c k i n g e x i s t i n g
t e c h n o l o g y o r w a i t i n g f o r a n o t h e r a d v a n c e i n t e c h n o l o g y b e f o r e choo,sing a p a r t i c u l a r d e s i g n . With t h e above p r i n c i p l e no g u i d a n c e i s g i v e n t o t h e o p e r a t o r f o r making t h i s c h o i c e a l t h o u g h a p e n a l t y s e e m i n g l y a c c r u e s s h o u l d t h e wrong c h o i c e be made by o p t i n g f o r a g i v e n t e c h n o l o g y t o o soon. The b a s i c g u i d a n c e a v a i l a b l e i s from t h e m a n u f a c t u r e r s o f s u c h t e c h n o l o g i e s who a r e p r o n e t o e x a g g e r a t e t h e p e r f o r m a n c e c h a r a c t e r i s t i c s of t h e i r r e s p e c t i v e d e s i g n s . F o r example, i n t h e Bravo i n c i d e n t t h e skimmers u s e d proved o n l y 25% e f f e c t i v e o f t h e i r c l a i m e d c a p a c it i e s which a r e d e t e r m i n e d f o r i d e a l c o n d i t i o n s which r a r e l y e x i s t . [121 An o p e r a t o r c a n a l s o d e c i d e between u n d e r t a k i n g i t s own r e s e a r c h programme i n c l e a n -u p t e c h n o l o g y o r i n v e s t i n g i n a g i v e n t e c h n o l o g i c a l d e s i g n . Once an o p e r a t o r h a s i n v e s t e d i n a g i v e n d e s i g n it h a s a n i n c e n t i v e n o t t o c o n t i n u e i n r e s e a r c h which would r e n d e r i t s own i n v e s t m e n t o b s o l e t e b e f o r e i t s p a y o u t p e r i o d .
T h i s technolo'gy problem becomes more a c u t e when c o u p l e d w i t h t h e l a c k o f any means t o r e a l l y m e e t a blowout a n d t o c l e a n -u p o i l p o l l u t i o n from s u c h a b l o w o u t . A s t h e government a d m i t s : 1131 "The o p e r a t o r s h a v e l i t t l e equipment w i t h which t o m e e t a m a j o r blowout. Under t h e e x i s t i n g r u l e s t h e o p e r a t o r s a r e r e q u i r e d t o have s u c h e q u i p m e n t , b u t t h e a u t h o r i t i e s h a v e n o t y e t .
imposed s p e c i f i c r e q u i r e m e n t s . . ."
"However it i s c l e a r t h a t no m e c h a n i c a l means a r e a v a i l a b l e a t p r e s e n t which would be e f f e ct i v e u n d e r t h e c o n d i t i o n s o f wind a n d s e a p r e v a i l i n g i n t h e areas u n d e r c o n s i d e r a t i o n .
T h e r e f o r e r e q u i r e m e n t s r e l a t i n g t o d i s p e r s a n t s must a l s o be imposed."
" I f a blowout s h o u l d o c c u r t h e r e would n o t be enough c h e m i c a l s i n t h e N o r t h S e a a r e a f o r e f f e c t i v e o i l s p i l l t r e a t m e n t . "
Given t h e s e s t a t e m e n t s it was o b v i o u s t o b o t h o p e r a t o r s and
government t h a t t h e e x i s t i n g emergency p l a n was i n r e a l i t y a good i n t e n t i o n r a t h e r t h a n a n a c t u a l means f o r c o n t r o l l i n g and c l e a n i n g up b l o w o u t s . I n t h i s case i t would n o t b e s u r p r i s i n g t h a t emergency p l a n s o f o f f s h o r e o p e r a t o r s w e r e i n a d e q u a t e and t h a t t h i s i n a d e q u a c y was w e l l known t o t h e government a u t h o r i t i e s . Thus, i t i s p o s s i b l e t h a t s i n c e s u c h p l a n s w e r e n o t r e a l l y c a p a b l e of b e i n g a d e q u a t e l y f u l f i l l e d t h e y w e r e n o t g i v e n s t r o n g c r e d e n c e i n t h e d r i l l i n g p e r m i t o r w e l l programme a p p r o v a l p r o c e s s . However, t h e government d i d a p p r o v e a s e t of s p e c i f i c r e q u i r e m e n t s i n t h e Summer o f 1976 f o r equipment a n d g a v e t h e o p e r a t o r s o n e y e a r t o m e e t them.
The p r i n c i p l e o f r e l y i n g on m e c h a n i c a l means f o r r e s p o n d i n g t o o i l p o l l u t i o n on t h e sea i n s t e a d of t h e c h e a p e r a n d p r o v e n c h e m i c a l d i s p e r s a n t s w a s n o t w e l l r e c e i v e d by t h e o i l companies b e c a u s e of t h e g r e a t e r p o s s i b i l i t y f o r l i a b i l i t y f o r damage, t h e g r e a t e r e x p e n s e i n v o l v e d , t h e l a c k o f p r o v e n e f f e c t i v e n e s s of s u c h means and t h e l a c k o f d e f i n i t i o n o f " b e s t a v a i l a b l e " .
A
l s o t h e UK was committed t o c h e m i c a l s i n i t s p r o d u c i n g s e c t o r o f t h e N o r t h S e a . N e v e r t h e l e s s , t h e Norwegians c o n t i n u e d t o h o l d o u t
f o r p r i m a r y r e l i a n c e on t h e m e c h a n i c a l means o f booms a n d skimmers t o c o n t a i n and c a p t u r e t h e o i l s l i c k e v e n t h o u g h t h e s e means were known t o be i n a d e q u a t e i n t h e open s e a . Because o f g e n u i n e o p e r a t o r s k e p t i s m l i t t l e company r e s e a r c h was done o n m e c h a n i c a l means, a l t h o u g h BP i n t h e UK had d e v e l o p e d a skimmer f o r u s e i n t h e h i g h s e a s .
Thus, t h e Norwegian government was a l m o s t a l o n e i n r e l y i n g on t h e p r i n c i p l e o f m e c h a n i c a l means which meant t h a t i t s e f f e c t i v e n e s s had t o be p r o v e n by them e v e n t h o u g h t h e o p e r a t o r s i n t h e o r y w e r e t o m a i n t a i n t h e most advanced d e s i g n s i n s u c h means.
A l a r g e government r e s e a r c h programme was n o t f o r t h c o m i n g , a l t h o u g h some f u n d s w e r e a l l o c a t e d t o p r i v a t e m a n u f a c t u r e r s f o r r e s e a r c h on s u c h d e v i c e s . No t r a i n j . r . 2 grogramme f o r boom a n d skimmer o p e r a t o r s e x i s t e
d . Oniy l i m i t s d f u n d s w e r e a l l o c a t e d t o m u n i c i p a l i t i e s f o r p u r c h a s e of m e c h a n i c a l means t o p r o t e c t t h e i r s h o r e l i n e . The d e m o n s t r a t i o n e f f e c t o f t h i s government e f f o r t was n o t l o s t on t h e o i l companies who t e n d e d t o c o n t i n u e t o d e l a y on t h e n e c e s s a r y i n v e s t m e n t . A t t h e t i m e o f t h e Bravo i n c i d e n t , however, t h e government and t h e o i l companies had a g r e e d on a m e c h a n i c a l d e s i g n and o r d e r s had b e e n g i v e n f o r s u c h d e v i c e s by b o t h t h e government a n d t h e o p e r a t o r s .
The u n d e r l y i n g p r i n c i p l e f o r r e s p o n d i n g t o a n o i l b l o w o u t f o r b o t h p r e v e n t i o n a n d c o n t r o l c a n be c o n v e n i e n t l y summarized: t h e Norwegian r e g u l a t o r s r e l y on t h e s e l f -i n t e r e s t o f t h e o p e r a t o r t o h a n d l e t h e blowout problem, e . g . , t h e y b a s e much o f t h e i r r e g u l a t o r y a c t i v i t i e s on t h e o p e r a t o r ' s own s u p e r v i s i o n o f i t s o i l e x p l o r a t i o n and p r o d u c t i o n a c t i v i t i e s . [13.5] Such a s y s t e m o f s u p e r v i s i o n r e q u i r e s a good and c o n t i n u i n g knowledge o f t h e o p e r a t o r ' s s u p e r v i s o r y c a p a b i l i t y and t h e i r p l a n s a n d a l t e r n a t i v e r e s p o n s e s t o e x p e c t e d and u n e x p e c t e d e v e n t s . The d i s c u s s i o n o f t h e s e p r i n c i p l e s i s d e s i g n e d t o s u g g e s t t h e c o n t e x t i n which t h e Bravo i n c i d e n t o c c u r r e d . The "criticism" i m p l i e d i n t h e d i s c u s s i o n of t h e s e a p r i o r i p r i n c i p l e s i n no way a p p l y t o t h e r e s p o n s e t o Bravo by t h e o p e r a t o r o r t h e government.
THE ACTION GROUP
o n n e c t i o n s between a p p a r e n t l y s e p a r a t e a c t o r s r e a d i l y become v i s i b l e i n t h e c a s e of t h e Bravo i n c i d e n t , and a s y s t e m o f actors w i t h s h a r e d i n t e r e s t s i s d e m o n s t r a t e d i n t h e r e s p o n s e t o t h i s c r i s i s . E l 4 1 The e x i s t e n c e of t h e Bravo problem p r o v i d e d n o t o n l y a means t o t e m p o r a r i l y b r i n g d i v e r s e a c t o r s t o g e t h e r t o e n d t h e c r i s i s b u t i t a l s o t h r e a t e n e d f u t u r e o f f s h o r e o i l d e v e l o p m e n t n o r t h of 620 i n Norway a n d f u t u r e r e g u l a t i o n s f o r s u c h d e v e l o p m e n t by o t h e r c o u n t r i e s i n o f f s h o r e a r e a s .
The c o r e a c t o r s i n c l u d e d t h e A c t i o n Group a s key r e g u l a t o r .
T h e , A c t i o n Group was a n ad hoc r e s p o n s e s i n c e i t was n o t i n e x i s t e n c e p r i o r t o t h e blowout, a l t h o u g h it had been under a c t i v e c o n s i d e r a t i o n f o r some t i m e b e f o r e Bravo.
o f t r a n s p o r t a t i o n and p e r s o n n e l -Navy p r o v i s i o n o f r e s c u e and s a f e t y -P o l i c e .
L e a d e r s h i p was assumed by t h e D i r e c t o r of t h e S t a t e P o l l u t i o n C o n t r o l A u t h o r i t y who r e p o r t e d d i r e c t l y t o t h e M i n i s t e r o f Environment.
One r e p r e s e n t a t i v e from P h i l l i p s P e t r o l e u m was l i a i s o n t o t h e A c t i o n Group. Had a t a n k e r o i l s p i l l been i n v o l v e d t h e Marine D i r e c t o r a t e would have been i n v o l v e d i n s t e a d o f t h e O i l D i r e c t o r a t e . L a t e r a r e p r e s e n t a t i v e from t h e M i n i s t r y of F o r e i g n A f f a i r s who s p e c i a l i z e d i n h a n d l i n g i n f o r m a t i o n f o r t h e f o r e i g n p r e s s was a t t a c h e d a s l i a i s o n .
The A c t i o n Group performed i n a r e t i c u l i s t r o l e [17] b e c a u s e it was a f o c a l p o i n t r e p r e s e n t i n g f i v e d i f f e r e n t p o l i c y s y s t e m s , t h r e e w i t h i n t h e n a t i o n a l government, o n e from l o c a l government and t h e p r i v a t e o p e r a t o r . T h i s r e t i c u l i s t group a c t e d a s an a s s e s s o r o f t h e blowout s i t u a t i o n a t t h e i n t e r f a c e o f t h e broad development and environment p o l i c y s y s t e m s .
The major d i f f e r e n c e i n t h e d e f i n i t i o n o f t h e r e t i c u l i s t r o l e i s t h a t t h e A c t i o n Group had d e c i s i o n a u t h o r i t y g r a n t e d t o it by t h e M i n i s t e r of Environment which a f f e c t e
The A c t i o n G r o u p ' s t a s k s w e r e t o a s s i s t P h i l l i p s P e t r o l e u m t o c o n t r o l t h e o i l f l o w a t t h e w e l l and t o c r e a t e a back-up r e s p o n s e f o r c o n t r o l l i n g and c l e a n i n g up t h e o i l p o l l u t i o n from t h e w e l l .
The A c t i o n Group's f i r s t p r i o r i t y was t o a i d P h i l l i p s t o s t o p t h e u n c o n t r o l l e d f l o w o f o i l .
T h i s t a s k was under t h e d i r e c t s u p e r v i s i o n of t h e O i l D i r e c t o r a t e r e p r e s e n t a t i v e and c a r r i e d o u t t h r o u g h P h i l l i p s P e t r o l e u m , owner and o p e r a t o r o f Bravo p l a t f o r m .
The A c t i o n Group had no d i r e c t r e s p o n s i b i l i t y f o r t h e o p e r a t i o n s a t Bravo; r a t h e r it surveyed and c o n t r o l l e d t h e measures s u g g e s t e d by t h e o p e r a t o r . [ 1 8 ]
The n e x t p r i o r i t y came under t h e ae.gis o f t h e S t a t e P o l l u t i o n C o n t r o l A u t h o r i t y r e p r e s e n t a t i v e which i n v o l v e d a l e r t i n g o t h e r North Sea c o u n t r i e s a s w e l l a s c o a s t a l communities i n Norway and p r e p a r i n g a r e s p o n s e t o c a p t u r e and c o n t a i n t h e o i l s l i c k b e f o r e i t r e a c h e d t h e c o a s t l i n e . T h i s e f f o r t was accomplished t h r o u g h d i r e c t s u p e r v i s i o n of an a d hoc government c o n t a i n m e n t e x e r c i s e i n v o l v i n g a v a r i e t y of p e r s o n n e l , equipment and v e s s e l s from many d i f f e r e n t a r e a s .
A f t e r b e i n g formed t h e A c t i o n Group was f a c e d w i t h d e c i d i n g what t o do. S e v e r a l key a l t e r n a t i v e s were open t o t h e A c t i o n Group, i n c l u d i n g t h e t i m i n g of implementation of s u c h a l t e r n a t i v e s .
The f i r s t s e t of a l t e r n a t i v e s c e n t e r e d around t h e o r g a n i s at i o n of t h e A c t i o n Group i n r e l a t i c~i t o o t h e r governmental b o d i e s a s w e l l a s t o P h i l l i p s Petroleum. F i g u r e 1 shows t h e r e l a t i o n s h i p of t h e A c t i o n Group t o o t h e r i m p o r t a n t o r g a n i s a t i o n s a s s o c i a t e d w i t h Bravo. A s i s r e a d i l y s e e n t h e A c t i o n Group p l a y e d t h e c e n t r a l and a u t h o r i t a t i v e r o l e i n c o m b a t t i n g t h e o i l blowout of Bravo. The A c t i o n Group checked P h i l l i p s ' p l a n s f o r d e a l i n g w i t h t h e blowout and i t s r e s u l t i n g p o l l u t i o n . Afterward P h i l l i p s was asked t o p r e p a r e a new p l a n t o meet t h e a d d i t i o n a l c r i t e r i a d e c i d e d by t h e A c t i o n -G r o u p . T h i s d r a f t p l a n was p r e p a r e d and p r e s e n t e d t o t h e O i l D i r e c t o r a t e who checked t h i s d r a f t f o r i t s t e c h n i c a l a s p e c t s . Then P h i l l i p s p r e s e n t e d t h e s e r e v i s e d p l a n s t o t h e A c t i o n Group f o r a p p r o v a l . The O i l D i r e c t o r a t e r e p r e s e n ta t i v e c o r r o b o r a t e d t h e i r f e a s i b i l i t y , and t h e A c t i o n Group
approved t h e p l a n s . A c o n s t a n t m o n i t o r i n g of P h i l l i p s ' o p e r a t i o n s was a l s o u n d e r t a k e n . On-the-scene communities i s p r e s e n t .
The A c t i o n Group a l s o c l o s e l y monitored t h e o i l p o l l u t i o n containment e f f o r t o f P h i l l i p s a s it d i d w i t h t h e w e l l c o n t r o l problem. The A c t i o n Group and P h i l l i p s worked o u t a c o n t a i n m e n t p l a n and implemented it t h r o u g h t h e Navy a s t h e on-the-scene s u p e r v i s o r . A v a r i e t y of g r o u p s and equipment were c o o r d i n a t e d and u n i t e d i n t o r e s p o n d i n g t o t h e o i l p o l l u t i o n . The o t h e r r o l e e n v i s a g e d f o r t h e Action Group c o n s i s t e d of i t s b e i n g s o l e l y a c o o r d i n a t i n g group. T h i s c o o r d i n a t i n g r o l e would have allowed P h i l l i p s P e t r o l e u m and t h e O i l D i r e c t o r a t e t o assume more l e a d i n g r o l e s i n t h e r e s p o n s e t o t h e blowout. I n t h i s c a s e t h e government would have been i n a p a s s i v e p o s i t i o n r e s p o n d i n g t o i n i t i a t i v e s from P h i l l i p s . I n a d d i t i o n , emphasis would have been on c o n t r o l l i n g t h e blowout w i t h a lesser e f f o r t on i t s r e s u l t i n g p o l l u t i o n . V i o l a t i o n of e s t a b l i s h e d government p r i n c i p l e s would a l s o have been p o s s i b l e .
The d i r e c t a u t h o r i t a t i v e r o l e t a k e n by t h e A c t i o n Group stemmed from t h e e s t a b l i s h e d p r i n c i p l e t h a t t h e government c a n t a k e o v e r t h e o p e r a t i o n i f it deems t h a t t h e r i s k o f g r e a t damage I MINISTER OF ENVIRONMENT
[19] Thus, t h e o p e r a t o r was aware t h a t t h e government c o u l d t a k e o v e r t h e company o p e r a t i o n a t any t i m e . D u r i n g t h e t i m e p r i o r t o t h e f o r m a t i o n and t a k e o v e r by t h e A c t i o n
Group P h i l l i p s P e t r o l e u m was a l r e a d y engaged i n employee r e s c u e , f i r e p r e v e n t i o n , s p r a y i n g w i t h c h e m i c a l d i s p e r s a n t s and a s s e s s i n g w e l l c a p p i n g p o s s i b i l i t i e s .
THE ALTERNATIVES FACING THE ACTION GROUP
The g e n e r a l f
l o w of o p e r a t i o n s and a l l o c a t i o n o f r e s o u r c e s t o p r e v e n t and c o n t r o l a n o i l blowout a s w e l l a s c o n t a i n i t s o i l s l i c k i s shown i n F i g u r e 2 . T h i s g e n e r a l i z e d scheme r e p r e s e n t s t h e s t a g e s i n an o i l blowout from i t s i n i t i a l p r e v e n t i o n t o i t s f i n a l a b s o r p t i o n i n t o t h e n a t u r a l e n v i r o n m e n t . Between e a c h s t a g e i s t h e f l o w of o i l t h a t e s c a p e s t h e p r e v i o u s e f f o r t i n a t t e m p t i n g t o s t o p t h a t f l o w . A t each of t h e s e s t a g e s e n v i r o nm e n t a l i m p a c t s o c c u r from t h i s e s c a p e d o i l . The amount of o i l e s c a p i n g w i t h i t s r e s u l t i n g e n v i r o n m e n t a l i m p a c t i s d i r e c t l y c o r r e l a t e d w i t h t h e amount o f r e s o u r c e s a l l o c a t e d t o t h e s e s t a g e s t o r e d u c e t h e e s c a p e of s u c h o i l . Any o i l blowout programme r e q u i r e s r e s o u r c e s t o be 2 l l o c a t e d f o r p r e v e n t i o n , c o n t r o l and a n t i -p o l l u t i o n e f f o r t s a t any o n e t i m e i n o r d e r t o minimize e n v ironment i m p a c t s from o i l b l o w o u t s a n d p o l l u t i o n . O v e r -c o n c e n t r a t i o n of l i m i t e d r e s o u r c e s i n any o n e a r e a w i l l l e a v e t h e r e s t o f t h e s y s t e m a t a d i s a d v a n t a g e w i t h r e s p e c t t o u n p r e v e n t e d , u n c o n t r o l l e d o r l o o s e o i l i n t h e e n v i r o n m e n t .
From t h i s more g e n e r a l s y s t e m a l t e r n a t i v e s c a n b e d i s p l a y e d f o r p r e v e n t i o n , c o n t r o l and r e t a r d i n g p o l l u t i o n .
F i g u r e 3 shows key p r e v e n t i o n a l t e r n a t i v e s which w e r e t o h a v e been i n p l a c e p r i o r t o t h e Bravo blowout.
S i n c e t h e blowout o c c u r r e d t h e p r e v e n t i o n s y s t e m u s e d was n o t f a i l s a f e . Although t h i s s t u d y d o e s n o t d i sc u s s t h e p r e v e n t i o n s y s t e m p e r se it i s o f i n t e r e s t t o b r i e f l y show i t s u s u a l e x t e n t . [ 2 0 ]
The p r e v e n t i o n s y s t e m b e g i n s w i t h w e l l p l a n n i n g which i n c l u d e s c a r e f u l i n t e r p r e t a t i o n of t h e s t r a t a t o be p e n e t r a t e d .
From t h i s i n t e r p r e t a t i o n and p r e d i c t i o n come t h e w e l l l o c a t i o n , d e s i g n and d r i l l i n g programme. The l a t t e r s t r e s s e s t h e equipment t o be u s e d , t h e c a s i n g s i z e and d e p t h s , t h e d r i l l i n g mcd programme and any s p e c i a l i z e d t r a i n i n g n e c e s s a r y f o r t h e o p e r a t o r s . The w e l l o p e r at i o n i s based on e f f e c t i v e s u p e r v i s i o n and c o n t i n u o u s m o n i t o r i n g of t h e d r i l l i n g p r o c e s s . M o n i t o r i n g c o n s i s t s o f l o w e r i n g a d e v i c e i n t o t h e w e l l t o a s s e s s t h e d r i l l b i t a s it c u t s and a n a l y s i n g t h e d r i l l c u t t i n g s and d r i l l i n g mud a t t h e s u r f a c e as t h e y c i rc u l a t e back from t h e d r i l l i n g .
W e l l m a i n t e n a n c e i s a n e s p e c i a l l y i m p o r t a n t t i m e a s t h e d r i l l s t r i n g i s p u l l e d a s w e l l a s t h e c a s i n g s which r e t a i n t h e s h a p e o f t h e s h a f t . Mud f l o w and d e n s i t y are o f p a r t i c u l a r i m p o r t a n c e a t t h i s t i m e t o m a i n t a i n t h e w e l l ' s p r e s s u r e b a l a n c e .
F i n a l l y , s h o u l d t h e w e l l p r e s s u r e b e g i n t o g o o u t o f b a l a n c e d u r i n g d r i l l i n g o r m a i n t e n a n c e a r a p i d a d j u s t m e n t i n t h e d r i l l i n g v a l v e c a n be a c t F i g u r e 4 o u t l i n e s t h e c o n s e c ut i v e s t e p s r e q u i r e d f o r a t t e m p t i n g t o r e g a i n w e l l c o n t r o l , e . g . , o b t a i n p r e s s u r e c o n t r o l . The f i r s t l i n e o f d e f e n s e c o n s i s t s o f t h e b l o w o u t p r e v e n t e r v a l v e s (BOP), t h e a u t o m a t i c s u b s e a BOP v a l v e and t h e manual s u r f a c e BOP v a l v e . S h o u l d t h e s e BOP v a l v e s n o t work mud pumping m u s t b e s t e p p e d up t o r e g a i n c o n t r o l o f w e l l p r e s s u r e ; i n d e e d mud pumping b e g i n s a s soon a s w e l l p r e s s u r e s b e g i n t o r i s e and b e f o r e t h e manual s u r f a c e BOP v a l v e m u s t b e s h u t . A t t h e same t i m e a f i r e p r e v e n t i o n s p r a y programme i s begun t o dampen t h e r i g a n d a l l o w s h u t -o f f o f a l l w e l l s on t h e r i g .
i v a t e d e i t h e r a u t o m a t i c a l l y o r m a n u a l l y t o s h u t down t h e w e l l s h o u l d t h e w e l l p r e s s u r e become t o o g r e a t t o o q u i c k l y t o a d j u s t t h e mud
Rescue o f r i g p e r s o n n e l a l s o o c c u r s a t t h i s p o i n t s o t h a t t h e u s e o f BOP v a l v e s , pumping o f d r i l l i n g mud, o t h e r w e l l s h u tdowns on t h e r i g , f i r e p r e v e n t i o n and p e r s o n n e l r e s c u e a r e a l l o c c u r r i n g a t r e l a t i v e l y t h e same t i m e .
A f t e r t h e r i g i s abandoned t o t h e o i l blowout from t h e uncont r o l l e d w e l l t h e n work commences on a c a p p i n g o p e r a t i o n .
The c a p p i n g e f f o r t c a n b e i n i t i a l l y c a r r i e d o u t by t h e o p e r a t o r b u t u s u a l l y o u t s i d e e x p e r t s a r e c a l l e d i n t o a t t e m p t t o c a p t h e blowo u t .
E i t h e r s i m u l t a n e o u s l y w i t h c a p p i n g , i n l i e u o f c a p p i n g o r i f c a p p i n g f a i l s a r e l i e f w e l l must b e d r i l l e d n e a r t h e uncont
r o l l e d w e l l t o pump mud i n t o t h e o i l r e s e r v o i r . I f t h i s d r i l l i n g e f f o r t f a i l s t h e n t h e w e l l c o n t i n u e s o u t o f c o n t r o l i n a b l o w o u t c o n d i t i o n u n t i l a l l o f t h e o i l and g a s i s b u r n e d o u t . W h i l e t h i s w e l l c o n t r o l e f f o r t i s underway work i s s i m u l t a ne o u s l y begun on c o m b a t t i n g t h e o i l p o l l u t i o n spewing from t h e w e l l .
The b a s i c p r i n c i p l e g o v e r n i n g t h i s a n t i -p o l l u t i o n work i s t o c a p t u r e a s much o f t h e o i l a s i s p o s s i b l e n e a r e s t t h e p o i n t o f l o s s .
[21] The a l t e r n a t i v e s open t o m e e t i n g t h i s s p r e a d i n g o i l p o l l u t i o n t h r e a t a r e shown i n F i g u r e 5. The f i r s t t h r e e a l t e r n a t f a p p l y i n g t h e s e m e a s u r e s a n d t h e i r d e p e n d e n c e on w e a t h e r , l o c a t i o n , d e g r e e o f c o n c e n t r a t i o n o f o i l s l i c k a n d m a t e r i a l s r e a d i l y a v a i l a b l e .
The two b a s i c a l t e r n a t i v e s f o r m a j o r o i l s p i l l s i n c l u d e i t s d i s p e r s a l o r c o n t a i n m e n t . B o t h o f t h e s e a l t e r n a t i v e s h a v e o p p o s i t e e f f e c t s s o t h a t o n e c a n n o t b e e f f e c t i v e l y u s e d i f t h e f i r s t employed d o e s n o t work. A l t h o u g h d i s p e r s a n t s c a n b e a p p l i e d a t a n y t i m e t h e y a r e t h e m o s t e f f e c t i v e when t h e o i l i s f r e s h ; t h e r e f o r e , a d e c i s i o n t o a t t e m p t t o c o n t a i n and c a p t u r e t h e o i l s l i c k i s t o f o r e g o e f f e c t i v e c h e m i c a l d i s p e r s a l .
Each o f t h e s e two a l t e r n a t i v e s h a s s p e c i a l p r o b l e m s i n t h e i r a p p l i c at i o n .
The main d i s a d v a n t a g e a s s o c i a t e d w i t h d i s p e r s a n t s i s t h e i r h i g h p o s s i b l e i m p a c t s on t h e m a r i n e e n v i r o n m e n t . Even g i v e n t h i s p o s s i b i l i t y , however, t h e s e c h e m i c a l d i s p e r s a n t s h a v e " b e e n t h e m o s t employed o n t h e Norwegian c o n t i n e n t a l s h e l f " . [22] T h e i r w i d e u s e s t e m s f r o m t h e i r a d v a n t a g e s o f r a p i d d e p l o y m e n t , r e a s o n a b l e e f f e c t i v e n e s s u n d e r n a v i g a b l e w e a t h e r c o n d i t i o n s , r e l a t i v e l y low c a p i t a l cost a n d l a c k o f n e e d f o r t r a i n e d o p e r a t o r s .
The a d v a n t a g e s o f c h e m i c a l d i s p e r s a n t s a r e t h e e x a c t d i sa d v a n t a g e s of m e c h a n i c a l c o n t a i n m e n t a n d c a p t u r e o f o i l s l i c k s . M e c h a n i c a l s y s t e m s a r e d i f f i c u l t t o mount, i n e f f e c t i v e u n d e r m o d e r a t e l y b a d w e a t h e r c o n d i t i o n s , have h i g h c a p i t a l c o s t a n d r e q u i r e t r a i n e d o p e r a t o r s .
Even t h o u g h t h e s e d i s a d v a n t a g e s a r e p r e s e n t m e c h a n i c a l s y s t e m s c o n t i n u e t o b e o f i n t e r e s t b e c a u s e o f t h e i r a d v a n t a g e s o f " r e m o v a l o f p o l l u t i o n p o t e n t i a l , no e c o l o g i c a l c o n s e q u e n c e s , c l a i m e d h i g h a n d s u s t a i n e d r e c o v e r y r a t e s and r e l a t i v e l y low o p e r a t i n g c o s t s " . [ 2 3 f S p i l l s i z e a n d l o c a t i o n as w e l l a s wind and c u r r e n t d i r e c t i o n are t h e c r u c i a l f a c t o r s i n a e c i d i n g which o f t h e s e two b a s i c a l t e r n a t i v e s t o employ.
T h e s e f a c t o r s a r e o f i m p o r t a n c e e v e n i f t h e g e n e r a l p r i n c i p l e o f r e l i a n c e i s on o n e s y s t e m o r t h e o t h e r .
S h o
r e p r o t e c t i o n i s i m p o r t a n t b e c a u s e t h e c o a s t a l zone i s t h e area o f g r e a t e s t p o t e n t i a l e c o l o g i c a l damage. A l s o , t h e c o s t s o f s h o r e c l e a n -u p a f t e r t h e o i l r e a c h e s t h e c o a s t l i n e are v e r y h i g h b e c a u s e o f i t s l a b o u r i n t e n s i t y . T h e r e f o r e , t h e e m p h a s i s i s on d e a l i n g w i t h t h e o i l s l i c k b e f o r e it r e a c h e s coastal waters. The key t r a d e -o f f h e r e i s o i l on t h e s h o r e v e x s u s c h e m i c a l s i n t h e sea.
Some s e q u e n c i n g o f t h e s e a l t e r n a t i v e s i s i m p o r t a n t . D i r e c t l y a r o u n d t h e s o u r c e o f t h e o i l b l o w o u t c h e m i c a l d i s p e r s a l i s n e c e s s a r y t o remove t h e f i r e h a z a r d t o t h e o f f s h o r e p l a t f o r m .
A t s e a e i t h e r d i s p e r s a n t s o r c o n t a i n m e n t c a n b e u s e d , w h i l e i ns h o r e b a r r i e r s , c o n t a i n m e n t and c l e a n -u p a r e r e q u i r e d .
The a l t e r n a t i v e s and r e s o u r c e s f o r blowout p r e v e n t i o n , w e l l c o n t r o l and p o l l u t i o n c o n t r o l a n d c l e a n -u p h a v e b e e n p r e s e n t e d i n t h e l a s t t h r e e f i g u r e s . T h e s e a l t e r n a t
i v e s h a v e b e e n d i s p l a y e d t o show what t h e ~c t i o n Group c o u l d h a v e d e c i d e d upon i n t h e i r a t t e m p t t o m e e t t h e Bravo b l o w o u t .
However, a n o t h e r series o f " a l t e r n a t i v e s " a r e i m p o r t a n t i n t h e i r d e t e r m i n i n g t h e a p p r o p r i a t e r e s p o n s e s , p a r t i c u l a r l y f o r w e l l and p o l l u t i o n c o n t r o l . T h i s a r r a y c o n s i s t s o f t h e a l t e r n a t i v e e v e n t s t h a t c o u l d h a v e t a k e n p l a c e a t t h e t i m e o f t h e b l o w o u t a t Bravo o r i f t h e b l o w o u t had o c c u r r e d a t a n o t h e r l o c a t i o n a n d t i m e . T a b l e 1 l i s t s t h e major e v e n t s t h a t a r e p o s s i b l e t o o c c u r i n a N o r t h S e a o i l b l o w o u t s i t u a t i o n .
While i t would be o f i n t e r e s t t o c o n s t r u c t a d e c i s i o n and e v e n t s tree, none of t h e e v e n t s i n T a b l e 1 a c t u a l l y t o o k p l a c e d u r i n g t h e Bravo o i l b l o w o u t .
I n f a c t , i n t h e judgement o f t h e D i r e c t o r o f t h e A c t i o n Group, t h e r e s p o n s e t o Bravo was a l r e a d y a t t h e l i m i t .
Had any c o m b i n a t i o n o f t h e s e e v e n t s b e e n p r e s e n t o r c o u p l e d w i t h t h e r e s p o n s e s c h o s e n much g r e a t e r d i f f i c u l t i e s and damage would have c h a r a c t e r i z e d t h e Bravo b l o w o u t .
C l e a r l y , t h e Bravo e v e n t i n i t s e l f p r o v i d e d a v a l u a b l e " t r a i n i n g e x e r c i s e " The d e c i s i o n s made a t Bravo a r e s i g n i f i c a n t i n e s t a b l i s h i n g t h e major o u t l i n e o f Norwegian r e s p o n s e s t o o i l blowouts i n f u t u r e . P r i n c i p l e s o f o p e r a t
i o n were b o t h e s t a b l i s h e d o r conf i r m e d by t h e s e d e c i s i o n s . The b a s i c d e c i s i o n s l i s t e d i n t h i s s e c t i o n w e r e p r o v i d e d by t h e D i r e c t o r of t h e A c t i o n Group a s w e l l a s from t h e p r e l i m i n a r y r e p o r t by t h i s Group t o t h e M i n i s t e r of Environment. F i g u r e 6 shows t h e o u t l i n e o f t h e s e d e c i s i o n s based on t h i s i n f o r m a t i o n .
The f i r s t m a j o r d e c i s i o n was t h e a p p o i n t m e n t of t h e A c t i o n Group by t h e M i n i s t e r of Environment, i n c l u d i n g t h e n e c e s s a r y a u t h o r i z a t i o n t o make d e c i s i o n s i n t h e name o f t h e ~o r w e g i a n Government. T h i s d e c i s i o n , o f c o u r s e , was b a s i c t o t h e e n t i r e o p e r a t i o n a s s o c i a t e d w i t h Bravo. The government p r o v i d e d i t s b a c k i n g t o t h e A c t i o n Group where t h e M i n i s t e r of I n d u s t r y a n d t h e M i n i s t e r o f Environment worked t o g e t h e r i n s u p p o r t of it. Thus, t h e l e a d i n g government r e p r e s e n t a t i v e s of t h e development and environment p o l i c y s y s t e m s w e r e i n u n i t y i n r e s p o n d 
BRAVO
BLOWOUT D i r e c t o r of t h e S t a t e P o l l u t i o n C o n t r o l A u t h o r i t y s o t h a t t h e Group f u n c t i o n e d under t h e immediate d i r e c t i o n o f a r e p r e s e n t a t i v e from t h e environment p o l i c y s y s t e m who, i n t u r n , r e p o r t e d d i r e c t l y t o t h e M i n i s t e r o f Environment.
T h e r e f o r e , w h i l e a union between government development and environment c o r e a c t o r s e x i s t e d , t h e e n v i r o n m e n t a l a c t o r s w e r e i n t h e l e a d r o l e . The b a s i c p r e m i s e was t h a t t h e ~r a v o blowout was a n a t i o n a l emergency r e q u i r i n g a u n i f i e d n a t i o n a l r e s p o n s e . The i d e a of a c o o r d i n a t i n g A c t i o n Group was r e j e c t e d a s t o o p a s s i v e and r e a c t i v e i n f a v o u r of a Group c a p a b l e of b e i n g u n i f i e d around a c t i o n s stemming from t h e i r own a s s e s s m e n t s and d e c i s i o n s . T h i s key d e c i s i o n o f a u t h o r i t y and and u n i t y c e n t e r e d i n an ad hoc A c t i o n Group i s c e n t r a l t o t h e e n t i r e Bravo r e s p o n s e . T h i s i n i t i a l d e c i s i o n was f u r t h e r c o r r ob o r a t e d by t h e government when it e s t a b l i s h e d t h e A c t i o n Group a s a permanent body d a y s l a t e r . [ 2 4 ] The i m p l i c a t i o n o f t h i s d e c i s i o n was n o t o n l y t o g u a r a n t e e a u n i f i e d r e s p o n s e i n t h e government b u t a l s o t o e s t a b l i s h a command r e l a t i o n s h i p w i t h P h i l l i p s P e t r o l e u m . Under p r e v i o u s p r i n c i p l e s P h i l l i p s a s owner and o p e r a t o r o f t h e Bravo p l a t f o r m was c o n s i d e r e d t o t a l l y r e s p o n s i b l e f o r t h e blowout and f o r m e e t i n g t h e c r i s i s b r o u g h t on t h r o u g h t h e i r o p e r a t i o n . P h i l l i p s was t o t a k e whatever s t e p s w e r e n e c e s s a r y t o s t o p t h e blowout and t o r e s t r i c t t h e damage from t h e blowout.
I n a d d i t i o n , P h i l l i p s had a c c e p t e d u n l i m i t e d l i a b i l i t y , i n c l u d i n g l i a b i l i t y f o r a c t i o n s made by t h e government i n i t s r e s p o n s e . T h i s l i a b i l i t y p o s t u r e w a s r e c o n f i r m e d by t h e A c t i o n Group.
What had n o t been d e c i d e d o r known p r i o r t o Bravo was whether t h e o p e r a t o r o r t h e government would t a k e t h e l e a d r o l e i n t h e r e s p o n s e t o t h e c r i s i s . A l l t h a t had been known a p r i o r i was t h a t t h e government c o u l d t a k e o v e r t h e management of t h e c r i s i s i f t h e s i t u a t i o n demanded i t . No g u i d e l i n e s e x i s t e d t o d e f i n e t h e s e c i r c u m s t a n c e s .
The government, i n a c c o r d a n c e w i t h t h i s e s t a b l i s h e d p r i n c i p l e , d e c i d e d immediately t o t a k e o v e r t h e e n t i r e o p e r a t i o n and t o d i r e c t P h i l l i p ' s r e s p o n s e s t o t h e blowout. Thus, t h e company became s u b o r d i n a t e t o t h e government even though t h e company was t o b o t h c a r r y o u t t h e work and pay f o r t h e e n t i r e o p e r a t i o n .
POLLUTION CONTROL DECISIONS
The second m a j o r d e c i s i o n emerged from t h e a u t h o r i t y assumed by t h e A c t i o n Group i n r e l a t i o n t o P h i l l i p s . T h i s d e c i s i o n i n v o l v e d t h e t o t a l r e l i a n c e on m e c h a n i c a l means t o s t o p o i l p o l l u t i o n r a t h e r t h a n r e l y on c h e m i c a l d i s p e r s a n t s . Much of t h e t i m e o f t h e A c t i o n Group was s p e n t i n d i s c u s s i n g t h i s i s s u e . I t was f i n a l l y r e f e r r e d t o t h e M i n i s t e r o f Environment f o r f i n a l a p p r o v a l because of i t s s i g n a l i m p o r t a n c e . T h i s d e c i s i o n had i m p l i c a t i o n s f o r t h e s i z e and d e g r e e o f t h e e f f o r t and hence expense n e c e s s a r y t o combat o i l p o l l u t i o n , t h e i n c r e a s e d r i s k s o f o i l r e a c h i n g t h e c o a s t l i n e t h r o u g h t h e d e l a y o f g e t t i n g m e c h a n i c a l d e v i c e s i n p l a c e and t h e i r unproven o p e r a t i o n a l f e a s i b i l i t y , and t h e p r e c e d e n t f o r f u t u r e o p e r a t i o n s c o n n e c t e d w i t h m a j o r o i l s p i l l s . P o l i t i c a l r i s k was i n v o l v e d a s Norway h a s a s t r o n g p o l i t i c a l o r i e n t a t i o n t o i t s f i s h e r i e s a n d f i s h i n g i n d u s t r y .
The judgement of " n o c h e m i c a l s " meant c o n t i n u e d p o l i t i c a l s u p p o r t f o r t h e e s t a b l i s h e d p r i n c i p l e o f m e c h a n i c a l c o n t a i n m e n t . I n i t s i n v e s t i g a t i o n o f P h i l l i p s ' p l a n s and a c t i o n s t h e A c t i o n Group found t h a t P h i l l i p s had no m e c h a n i c a l e q u i p m e n t o r t r a i n e d p e r s o n n e l f o r same o n hand e i t h e r o f f s h o r e o r i n Norway. I n f a c t , P h i l l i p s had o n l y c h e m i c a l s a v a i l a b l e f o r m e e t i n g o i l p o l l u t i o n from i t s o f f s h o r e p l a t f o r m s ; t h e r e f o r e , t h e o p e r a t o r had r e l i e d s o l e l y on c h e m i c a l means f o r d i s p e r s i n g o i l p o l l u t i o n . The r e l i a n c e on c h e m i c a l s may b e s e e n , however, a s a n i n t e r i m measure u n t i l P h i l l i p s was a b l e t o comply w i t h government r e g u l at i o n s p a s s e d i n November 1976 t o have on hand a n o i l p o l l u t i o n c l e a n -u p c a p a c i t y o f 8 , 0 0 0 t o n s p e r d a y . The blowout o c c u r r e d i n t h e d e l a y between t h e government p a s s i n g t h e r e g u l a t i o n and h a v i n g it implemented by t h e o p e r = r t c~s .
The f i r s t t w e l v e h o u r s a f t e r t h e b l o~~r o u t P h i l l i p s had been u s i n g c h e m i c a l s f r e e l y i n i t s e f f o r t t o d i s p e r s e t h e o i l . 
t t o t h e
a r e a f o r e v e n t u a l u s e i f deemed n e c e s s a r y by t h e A c t i o n Group. P h i l l i p s r e q u e s t e d t h e A c t i o n Group t o a p p r o v e i t s p l a n f o r a combined u s e o f m e c h a n i c a l and c h e m i c a l means; however, a f t e r a d i s c u s s i o n w i t h s c i e n t i s t s and o t h e r e x p e r t s t h e u s e o f c h e m i c a l s c o n t i n u e d t o b e p r o h i b i t e d . S i n c e t h e A c t i o n Group p l a c e d t o t a l r e l i a n c e on m e c h a n i c a l means s e v e r a l o t h e r lesser d e c i s i o n s a n d e f f o r t s became i m p o r t a n t . T h e s e more m i n o r d e c i s i o n s i n v o l v e d t h e d e g r e e o f a c c u r a c y o f , s u r v e i l l a n c e and f o r e c a s t i n g o f t h e d e c o m p o s i t i o n and movement o f t h e o i l s l i c k , t h e t y p e s of m e c h a n i c a l means t o u s e i n t h e a t t e m p t t o c o l l e c t t h e o i l , a n d t h e m o b i l i z a t i o n o f a c o a s t a l p r o t e c t i o n e f f o r t .
Two f l i g h t s w e r e made d a i l y t o o b s e r v e and p h o t o g r a p h t h e o i l s l i c k . I n a d d i t i o n , a n a v a l v e s s e l was d i s p a t c h e d t o t a k e c h a r g e of t h e c o l l e c t i o n e f f o r t a n d t o r e p o r t o n t h e d e c o m p o s i t i o n , s p r e a d and movement o f t h e o i l s l i c k . A l s o P h i l l i p s mounted i t s own a e r i a l e f f o r t t o document t h e d e v e l o p m e n t o f t h e s l i c k .
The method t h a t e v o l v e d c o n s i s t e d o f h a v i n g a n a i r c r a f t f o l l o w t h e c o n t o u r s o f t h e o i l s l i c k w h i l e b e i n g t r a c e d on t h e r a d a r by t h e navy command v e s s e l i n t h e v i c i n i t y .
The key p r o b l e m s i n v o l v e d i n t h e s e s u r v e i l l a n c e e f f o r t s w e r e t h e number o f a i r c r a f t from o t h e r n a t i o n s i n v o l v e d i n m o n i t o r i n g t h e o i 1 : s l i c k a n d t h e t h i n n i n g and p a t c h i n g o f t h e s l i c k i t s e l f o v e r t i m e . D u r i n g Norwegian a i r s u r v e i l l a n c e a t any o n e t i m e Swedish, D a n i s h , German, E n g l i s h and NATO a i r c r a f t c o u l d be i n t h e v i c i n i t y p l o t t i n g t h e i r i n d i v i d u a l e s t i m a t e s o f t h e movement of t h e s l i c k .
I n e v i t a b l y t h e s e e s t i m a t e s w e r e n o t i n t o t a l agreement b u t more i m p o r t a n t l y a i r t r a f f i c c o n t r o l became a problem t h r o u g h d i f f e r e n c e s i n t h e d e f i n i t i o n o f a s a f e t y zone o v e r t h e p l a t f o r m v i c i n i t y .
The g r a d u a l t h i n n i n g , s p r e a d i n g and break-up o f t h e s l i c k i n t o p a t c h e s meant t h a t t o m a i n t a i n t h e i n i t i a l d e g r e e o f a c c u r a c y g r e a t e r s u r v e i l l a n c e e f f o r t would have t o be mounted.
The A c t i o n Group d e c i d e d n o t t o a t t e m p t t o m a i n t a i n t h e same element of a c c u r a c y b u t t o d e s c r i b e t h e s l i c k i n more g e n e r a l terms.
The n e x t minor d e c i s i o n proved t o be o f c o n s i d e r a b l e d i f f ic u l t y , t h a t o f what t y p e s of booms and skimmers t o employ. Whate v e r m e c h a n i c a l equipment a v a i l a b l e i n Norway f o r u s e on h i g h s e a s was flown i n t o t h e A c t i o n Group's c e n t e r of o p e r a t i o n s . Both P h i l l i p s and Norwegian a i r c r a f t and v e s s e l s were used i n t r a n s p o r t i n g t h e booms and skimmers t o t h e s i t e o f o p e r a t i o n . I n a d d i t i o n , two Swedish c o a s t g u a r d v e s s e l s w i t h booms and skimmers were r e q u e s t e d t o work a t Bravo. Many o t h e r o f f e r s o f equipment w e r e r e c e i v e d by t h e A c t i o n Group from many f o r e i g n s o u r c e s . The Group d e c i d e d t o r e j e c t t h e s e o f f e r s and s t i c k w i t h t h e equipment i t knew b e s t a s it c o u l d o n l y c o n c e n t r a t e on what i t a l r e a d y knew. Norway had a l r e a d y developed c o a s t a l p r o t e c t i o n booms and had t r i e d them i n t h e open s e a s i n good w e a t h e r .
O t h e r equipment had been o r d e r e d b u t n e v e r t e s t e d .
The g r e a t e s t problem a r e a i n t h e u s e o f t h e equipment employed was t h e g a p i n performance between t h a t s t a t e d by t h e m a n u f a c t u r e r and t h a t o b s e r v e d i n a c t u a l u s e .
Equipment w i t h a t h e o r e t i c a l c a p a c i t y of p i c k i n g up 7,000-8,000 t o n s o f o i l p e r d a y , which exceeded t h e e s t i m a t e d f l o w of o i l from t h e blowout, o n l y c o l l e c t e d 20 t o n s of o i l t h e f i r s t day o f i t s a c t u a l u s e . [ 2 8 ] T h e r e a f t e r , t h e equipment was r e p o r t e d t o b e 25% e f f e c t i v e u n d e r t h e most i d e a l c o n d i t i o n s .
O t h e r equipment h a v i n g a 4,000 t o n r a t i n g c o l l e c t e d o n l y 100 t o n s i n a day. Equipment used by P h i l l i p s h a v i n g a capac i t y of 1 , 8 0 0 t o n s a day a l s o proved t o be 25% e f f e c t i v e . Four Vikoma skimmers developed i n t h e UK by BP and employed by Sweden had a t h e o r e t i c a l c a p a c i t y o f 300 t o n s p e r day each b u t o n l y c o ll e c t e d 60 t o n s i n t o t a l d u r i n g t h e t i m e t h e y w e r e u s e d . [291 The o n l y skimmer t h a t c o l l e c t e d o i l a s r a t e d i n t h e open s e a s w i t h n i n ef o o t waves had been d e s i g n e d and b u i l t i n Norway b u t n e v e r t e s t e d p r i o r t o i t s a c t u a l u s e .
I n a l l , e i g h t d i f f e r e n t t y p e s o f booms w e r e t r i e d and t h r e e t y p e s o f skimmers.
The e m u l s i f i e d o i l c o l l e c t e d by t h i s equipment t o t a l l e d 1,700m3 which c o n t a i n e d 935m3 o f p u r e o i l ( a b o u t 800 t o n s ) . The g r e a t e s t amount c o l l e c t e d i n a s i n g l e day was 800m3 w h i l e t h e l e a s t c o l l e c t e d was 60m3.
[30] The t o t a l amount o f 800 t o n s of c o l l e c t e d p u r e o i l , o f c o u r s e , c a n n o t b e g i n t o compare w i t h t h e maximum t o t a l o f 21,300 t o n s of o i l which e s c a p e d t h r o u g h t h e blowout ( o n l y 3.7% of o i l c o l l e c t e d ) . Although waves w e r e h i g h and t h e w e a t h e r c o n s i d e r e d bad f o r booms and skimmers c o n d i t i o n s under which t h e equipment was used w e r e n o t c o m p l e t e l y o u t o f l i n e s i n c e stormy c o n d i t i o n s w e r e n o t p r e v a l e n t .
Most o f t h e equipment s i m p l y f a i l e d t o work i n t h e open s e a under less t h a n i d e a l c o n d i t i o n s . [31] 
